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This case study involved a detailed analysis of the changes in beliefs and teaching practices of 
teachers who adopted the Primary Connections program as a professional development initiative. 
When implementing an inquiry-based learning model, teachers observed that their students learnt 
more when they intervened less. By scaffolding open-ended inquiries they achieved more diverse, 
complex and thorough learning outcomes than previously achieved with teacher-led discussions or 
demonstrations. Initially, student autonomy presented perceived threats to teachers, including 
possible selection of topics outside the teachers’ science knowledge. In practice, when such issues 
arose, resolving them became a stimulating part of the learning for both teachers and students. 
The teachers’ observation of enhanced student learning became a powerful motivator for change 
in their beliefs and practices. Implications for developers of PD programs are (1) the importance of 
modeling student-devised inquiries, and (2) recognising the role of successful classroom 
implementation in facilitating change. 
 
Background 
Inadequate and/or ineffective primary science education could be seen as one of the causes for 
the consistent decline in science enrolments in senior secondary schooling. This is matched by 
declining tertiary enrolments in science-related courses and, consequently, an increasing shortage 
of workers with science, engineering and technology skills (Goodrum & Rennie, 2007). Added to 
the economic implications of inadequate science education is the risk that the general population 
will become scientifically illiterate and hence disempowered from engaging in public debate about 
science. Of even more concern is that they might be less able to discern between science and 
pseudoscience, to the detriment of themselves and the wider society.  
The quality of teaching is a major factor in improving learning (Rivkin, Hanushek, & Kain, 2005), 
and the practice of individual teachers is critical to determining students’ interest and motivation to 
learn science (Goodrum and Rennie, 2007). However, science gains little attention from many 
Australian primary teachers. According to the 2007 TIMSS survey of teacher practices (Martin, 
Mullis et al., 2008) Australian Year 4 teachers spend 5% of their available class time teaching 
science – one of the lowest levels among the participating countries. Another Australian study puts 
the figure as low 2.7% (Angus et al., 2004). This may be due in part to other learning areas 
crowding out science, but is also seen to result from widespread lack of science expertise by 
primary teachers.  
A diversity of approaches to science education has been applied in the last several decades 
(Peers, 2000), including a didactic (‘traditional’) approach focussing on content, a discovery 
approach in which students are led to develop conclusions, and a process approach which 
concentrates on the skills of science. Methodologies inspired by social constructivism, focussing on 
conceptual change, have become dominant in the curricula of recent years. In the context of 
science learning, inquiry-based, open-ended investigations are fundamental to a constructivist 
approach (Haney, Lumpe, & Czerniak, 2003) and a significant impact of constructivism within the 
classroom is that responsibility for learning is transferred from the teacher to the student 
(McKenzie & Turbill, 1999). 
However, teachers tend to teach science as they themselves were taught, with a focus on 
“canonical science ideas, and very little else” (Tytler, 2007, p. 57). In the 1990s, Appleton and 
Asoko (1996) observed that teachers generally did not hold constructivist views on learning. A 
decade later, in the context of implementing curricula based on constructivist learning theory and 
pedagogy, Cooper (2007) still found very little evidence of constructivist-inspired pedagogies. 
When Odgers (2003) studied the practice of teachers who had been using a constructivist-based 
science syllabus for four years, less than half of the cohort supported a constructivist view of 
scientific learning, and related practices were only evident in 3% of their lessons.  
The Australian School Science Education National Action Plan 2008 – 2012 (Goodrum & Rennie, 
2007) highlights the need for reform of science education, including better provision of professional 
learning for teachers so they can maintain their content knowledge of contemporary science, and 
“improve their pedagogical and pedagogical content knowledge, particularly those inquiry-based 
pedagogical strategies that develop scientific literacy” (p. 20). 
In response to this need, one response of the Australian Government was to fund the Australian 
Academy of Science to develop the Primary Connections program (Australian Academy of 
Science, 2005). It comprises “a sophisticated professional learning program supported with rich 
curriculum resources and is designed to increase teachers’ confidence and competence in the 
teaching of science and the literacies of science” (Hackling & Prain, 2005 p. 15).  
The Primary Connections program includes an ongoing research component, with reports 
published on the project website (Australian Academy of Science, 2009), including major reviews 
by Hackling and Prain (2005; 2008). These studies provide substantial information about the 
positive outcomes and influence of the program. They are based predominantly on survey data 
from relatively large numbers of participants.  
The case study from which this paper was drawn (Fittell, 2010) contrasts with the major Primary 
Connections project reviews by providing a close-up view of two teachers as they engaged with 
that program’s PD experience and enacted a novel curriculum that confronted their understandings 
of teaching science. Such case studies can provide rich insights into the problems, constraints and 
strategies that teachers confront or adopt to ensure effective learning. The intent of the study was 
to examine the changes in teachers’ beliefs and practices associated with implementing a 
constructivist-inspired learning program. 
Design  
Two teachers, working in partnership, were the subjects of a focused investigation based on Yin’s 
(2006) case study model. Their beliefs about science and science education as well as their 
practice were tracked for six months as they implemented Primary Connections in their 
classrooms. The implementation was supported by the PD workshops and published curriculum 
units that comprise the Primary Connections professional learning resource (Australian Academy 
of Science, 2005; 2007). Further detail of the rationale for the PD design was discussed in an 
earlier paper (Fittell, 2008). 
The study was based at a government school of about six hundred students, located in an inner 
suburb of Brisbane, Queensland. The teachers had not previously engaged with the Primary 
Connections program. The two participants, “Chris” and “Dean” (pseudonyms), volunteered for the 
study after seeing what the program had to offer during the whole-staff PD sessions. Both were 
mid-career male teachers and each taught a class of twenty-eight Year 4 and 5 students. For 
science lessons they combined their classes and worked in a team-teaching mode. 
The data collection consisted of (1) a series of semi-structured interviews developed around 
aspects of the change process; (2) classroom observations using a protocol designed to highlight 
constructivist modes of teaching and learning; and (3) samples of teacher and student documents 
including teachers’ planning, a student survey and students’ science journals. The findings 
reported in this paper are based on the teachers’ interviews and their comments to the researcher 
during lesson observations. 
Findings 
The case study compiled evidence that supports a number of key findings related to the way 
implementing Primary Connections impacted on teachers’ beliefs and practices. These findings are 
reported in detail elsewhere (Fittell, 2010).  One of the key findings was a marked change in the 
two subjects’ science teaching relating to the autonomy given to their students. The evidence 
supporting that finding is the focus of this paper.   
When discussing their science teaching practice prior to the intervention, Chris and Dean 
described lessons that were highly structured, didactic and teacher-directed. The following 
statement is typical of the way they described their prior practice. 
…me standing up there doing things and getting the kids to watch. Before I would just do an 
experiment and the kids would just write down a conclusion based on what we all thought. 
For the first lesson within this study, the teachers adapted activities from the Primary Connections 
unit Push-pull. The main content of the lesson had student groups rotating through a set of six 
simple activities. A substantial change in the teachers’ thinking about science pedagogy began 
during this first lesson. Each of them independently commented that student learning covered 
much more breadth and complexity than they expected; as Dean said, “…things that I wouldn’t 
have thought about.” 
Just to wander around when we had those small-group stations set up over those few weeks was 
really interesting. Just listening to them talk was really interesting because they thought about things 
that I wouldn’t have thought about. That probably showed me more than anything why it’s good to let 
them experiment for themselves.  
The materials for Lesson 1 were all in place before the class arrived in the room so the students 
were highly motivated to start work, but the teachers felt it necessary to give a lengthy introduction 
(25 minutes) before students were allowed to begin. When the students finally started the activity 
sequence, the response from the teachers was of surprise at the level of engagement and 
scientific discussion within the group.  
I felt as if the kids were going to come along and just use each of the items just as toys and I didn’t 
think that they were going to talk about the pushing and pulling aspects of it, I thought they were 
going to think of it as just a bit of a play task, but the language that they used and the way that they 
tried to vary what they were doing to improve their results made me a lot happier with the lesson 
than I thought I was going to be.  
When reflecting after the lesson on what they would have done differently, both teachers said they 
would have reduced the amount of “teacher talk” and direction.  
I think that I would have thrown them straight into it… I would have made the intro a lot shorter and I 
would have chucked the kids in there just to see what they do and then bring them back (to discuss 
it).  
Dean identified the importance of allowing children to develop their own understandings, a view 
that was confirmed by his observation of the quality engagement in the activities and the 
subsequent discussions.  
I’d cut down the amount that I spoke, more again. That’s a big point. I was really happy with how we 
did everything, but sometimes by talking that little bit more you can give out a weaker message. You 
just dilute what you really want them to hear if you talk too much.  
This observation aligns with the findings of Diezmann and Watters (2002) that if a teacher provides 
unnecessary support for students who have the ability to accomplish a task unaided, the cognitive 
value of a task is reduced. Dean recognised that the unnecessary scaffolding he and Chris 
provided may have inhibited rather than enhanced students’ learning.  
This theme recurred in later interviews. When asked to discuss changes in his teaching, Dean 
explained how the autonomy he was allowing the students now was quite different to his prior 
practice: 
I think that my science lessons before were too teacher-directed, me standing up there just taking 
them through each step whereas now I’d be inclined to give them a few things and get them to 
create a lot of the steps themselves, being a lot more laissez fair with how I do it now compared to 
what I used to – that’s the big change.  
Not that they don’t learn when they’re being directed by the teacher as well … The way I taught 
before, they didn’t really get to talk between themselves about what they’d learnt, they really just 
listened and used what they heard to put an idea down on paper...  
The lesson observation transcripts confirm the extensive amounts of time the teachers allowed for 
students’ independent and group investigations. This particular aspect of change was the one both 
teachers most often referred to, as it clearly had a profound effect on their approach to teaching 
science. The teachers linked student autonomy to engagement and enjoyment, which resulted in 
improved learning outcomes. 
…they enjoy being left alone and playing around with things. Even if it’s not always as easy to track, I 
could just tell in their own conversation they need to be left to their own devices, to experiment, and 
they enjoy it more and therefore they learn more.  
The above comment from Dean does mention a point of concern (“…it’s not always as easy to 
track”) that aligns with Jones and Eick’s (2007) finding that open-ended inquiry can be a challenge 
for teachers if they perceive it as relinquishing control of their teaching. In this instance, the 
observed positive learning outcomes mitigated such concerns. Chris had expressed similar 
concerns about potentially reducing his control of the learning process as students “played” with 
materials, but by mid-way through the unit he could see the value in the new pedagogies, not just 
in learning outcomes, but also in reducing behaviour issues: 
What has been the most interesting observation for you in this process? 
Seeing how engaged some of those behaviour “problems” (students) in the classroom, seeing how 
engaged they were; how a lot of what looked like playing was actually them exploring scientific 
methods or scientific inquiry, how their playing around with different things was actually productive 
and it engaged them as a result.  
Allowing students the autonomy to develop their own science inquiries can represent a difficult, 
even threatening, change for teachers, particularly when students choose investigations in fields 
outside the teachers’ subject-area knowledge. Both teachers recounted situations where they 
lacked relevant content knowledge to support student inquiries, however resolving these became a 
stimulating part of the learning process for themselves and their students. 
The initial PD programs were based on the learning models being proposed, including activities 
where participants devised or extended open-ended science inquiries. Once they had experienced 
this kind of learning experience for themselves, and observed their colleagues’ high level of 
engagement, the two subjects were more inclined to try similar strategies with their classes. 
I used those (activities from the PD sessions) with my class. When you see adults getting right into it, 
it was always going to be a winner with the kids.  
Despite some early reticence and, at times, contradictory practices, the subjects began to provide 
evidence of a new-found focus on student-led inquiry-based science, such as this response from 
Chris: 
What has changed in your approach to teaching science? 
A lot more open-ended questions, open-ended experiments without an expected outcome. 
(What has changed) in your view of the way students learn science? 
 They learn by doing. Before, I had the idea that you had to teach them scientific facts and scientific 
theory; now I let them learn by doing; give them material and let them set up their own experiments. 
Contribution to Teaching and Learning Science 
Guskey (2002) proposed a constructivist model of the process of change in which preconceptions 
and beliefs about teaching will only change if teachers have seen hard evidence of the success of 
an alternative approach. His model follows this sequence:  
1. Staff development (followed by…) 
2. Change in teachers’ classroom practices 
3. Change in student learning outcomes  
4. Change in teachers’ beliefs and attitudes 
The findings reported in this paper provide confirming evidence for Guskey’s model: the 
introductory PD sessions and the curriculum resources facilitated an initial change in teachers’ 
practice, but it was the positive response and improved learning outcomes of the students that 
impacted on their beliefs about how students learn. 
The Primary Connections professional learning model, which includes engaging professional 
learning activities as well as quality curriculum resources, provides much of the support needed for 
teachers to attain the success that will impact on their beliefs and practices. Hackling and Prain 
(2008) found that “students from Primary Connections classes are more frequently curious in 
science and more frequently learn interesting things in science” (p. 40). This study builds on that 
finding with evidence of teachers who observed such changes in their students and consequently 
changed their beliefs and practices about teaching science. They enhanced science learning by 
promoting student autonomy through open-ended inquiries, and they and their students enhanced 
their scientific literacy by jointly constructing investigations and explaining their findings. 
The findings of this study indicate that student autonomy enhances science learning. Evidence has 
been presented to show that (a) teachers found that their students learnt more when they 
intervened less; (b) scaffolding of open-ended learning opportunities was a more effective 
pedagogy than relying on teacher talk and teacher-led activities; and (c) potential threats to 
teachers stemming from student autonomy (increased noise; reduced classroom control; apparent 
loss of authority; inadequate content knowledge) were counteracted by perceived enhancement of 
student engagement and learning. 
Implications 
The findings relating to student autonomy have implications for teaching practice and for the 
design of teacher PD programs. 
Regarding teaching practice, this study provides further support for inquiry-based modes of 
science learning, and suggests that teachers who confront the perceived risk of open ended, 
student-led inquiries will see improved learning outcomes. 
An implication for designers of PD programs is the need for teachers to experience the pedagogy 
being promoted. Responding to the challenge of devising their own inquiries provides clear 
guidance for teachers who may be reluctant to move from didactic modes of instruction. The 
evidence suggests that teachers are more confident about implementing open-ended science 
inquiries once they have experienced this model themselves. 
Another key implication for PD is the role of successful classroom implementation in facilitating 
change. The initial PD workshops developed teachers’ knowledge of the learning model sufficiently 
for them to implement it, but it was only the extended engagement in their classrooms that 
provided the required evidence to change their beliefs about teaching science. A successful PD 
strategy will provide sufficient support for teachers to experience success in the classroom. 
Future research 
The state education authority currently has a major focus on assessment, particularly in science, 
including the following elements. 
 Assessment Bank (Queensland Studies Authority, 2010a) – an online teacher resource that 
models effective assessment strategies for all key learning areas, including science. 
 Queensland Comparable Assessment Tasks (QCATs) (Queensland Studies Authority, 2010b) 
in English, Mathematics and Science mandated for students in Years 4, 6 and 9. 
The observation of improved learning outcomes was a powerful motivator of change in this study. 
In line with the need to ensure that teachers receive regular feedback on their students’ learning 
progress (Guskey, 2002), it would be valuable to investigate how systemic assessment programs 
can be used to aid professional learning, and to explore synergies between teacher PD and state-
wide assessment programs. 
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